Long-range interaction between the enzyme active site and a distant allosteric site in the human mitochondrial NAD(P)+-dependent malic enzyme.
Our previous study has suggested that mutation of the amino acid residue Asp102 has a significant effect on the fumarate-mediated activation of human mitochondrial NAD(P)+-dependent malic enzyme (m-NAD(P)-ME). In this paper, we examine the cationic amino acid residue Arg98, which is adjacent to Asp102 and is highly conserved in most m-NAD(P)-MEs. A series of R98/D102 mutants were created to examine the possible interactions between Arg98 and Asp102 using the double-mutant cycle analysis. Kinetic analysis revealed that the catalytic efficiency of the enzyme was severely affected by mutating both Arg98 and Asp102 residues. However, the binding energy of these mutant enzymes to fumarate as determined by analysis of the K(A,Fum) values, show insignificant differences, indicating that the mutation of Arg98 and Asp102 did not cause a significant decrease in the binding affinity of fumarate. The overall coupling energies for R98K/D102N as determined by analysis of the k(cat)/K(m) and K(A,Fum) values were -2.95 and -0.32kcal/mol, respectively. According to these results, we conclude that substitution of both Arg98 and Asp102 residues has a synergistic effect on the catalytic ability of the enzyme.